Background: End-of-life implantable cardioverter defibrillator deactivation discussions should commence before device implantation and be ongoing, yet many implantable cardioverter defibrillators remain active in patients' last days. Aim: To examine associations among implantable cardioverter defibrillator knowledge, patient characteristics and attitudes to implantable cardioverter defibrillator deactivation. Design: Cross-sectional survey using the Experiences, Attitudes and Knowledge of End-of-Life Issues in Implantable Cardioverter Defibrillator Patients Questionnaire. Participants were classified as insufficient or sufficient implantable cardioverter defibrillator knowledge and the two groups were compared. Setting/participants: Implantable cardioverter defibrillator recipients (n = 270, mean age 61 ± 14 years; 73% male) were recruited from cardiology and implantable cardioverter defibrillator clinics attached to two tertiary hospitals in Melbourne, Australia, and two in Kentucky, the United States. Results: Participants with insufficient implantable cardioverter defibrillator knowledge (n = 77, 29%) were significantly older (mean age 66 vs 60 years, p = 0.001), less likely to be Caucasian (77% vs 87%, p = 0.047), less likely to have received implantable cardioverter defibrillator shocks (26% vs 40%, p = 0.031), and more likely to have indications of mild cognitive impairment (Montreal Cognitive Assessment score <24: 44% vs 16%, p < 0.001). Insufficient implantable cardioverter defibrillator knowledge was associated with attitudes suggesting unwillingness to discuss implantable cardioverter defibrillator deactivation, even during the last days towards end of life (p < 0.05). Conclusion: Implantable cardioverter defibrillator recipients, especially those who are older or have mild cognitive impairment, often have limited knowledge about implantable cardioverter defibrillator deactivation. This study identified several potential teachable moments throughout the patients' treatment trajectory. An interdisciplinary approach is required to ensure that discussions about implantable cardioverter defibrillator deactivation issues are initiated at appropriate time points, with family members ideally also included.
Introduction
The delivery of implantable cardioverter defibrillator (ICD) shocks to patients at end of life can be a distressing experience for both patients and caregivers. 1, 2 One in three ICD recipients experiences multiple shocks in their last days of life, which can be painful and futile, prolonging the dying process and denying patients a comfortable and dignified death. 1, 3 Due to delays in deactivation, ICD shock therapy often continues even after the patient has a formal written 'do not resuscitate' order. 4 Therefore, it is important that healthcare professionals who are involved in the care of ICD recipients or in providing end-of-life care be well informed and able to discuss ICD deactivation issues with patients and their families.
Deactivation of an ICD does not lead to immediate death but does prevent the delivery of defibrillation shocks which have the potential to resuscitate the patient if they experience a fatal heart rhythm at end of life. 5, 6 Planned deactivation of an ICD is a simple, non-invasive procedure that can be carried out by a technician. 7 In an emergency situation, placing a strong magnet on the skin will suspend shock delivery without interfering with the device's ability to function as a pacemaker. 7 For a patient nearing end of life, ICD deactivation allows a fatal heart rhythm to remain uncorrected, leading to a naturally occurring death. 8 Adequately informing patients about this topic prior to placement has been shown to reduce anxiety. 9 Recently, investigators have shown that ICD recipients are not adequately informed about ICD deactivation and discussions about ICD deactivation rarely occur. 8, 10, 11 This may, in part, be due to variation in patients' wishes [11] [12] [13] [14] or reticence on behalf of healthcare providers to discuss ICD deactivation. 2, 10, 15, 16 Expert consensus statements recommend that ICD deactivation discussions should occur before implantation and continue throughout the patient's illness trajectory. 6, 7, 17, 18 In the absence of such discussions, patients and their families lack the knowledge on which to make informed decisions. 4, 17 The 'Experiences, Attitudes and Knowledge of End-ofLife Issues in Implantable Cardioverter Defibrillator Patients Questionnaire' (EOL-ICDQ) was developed to capture the perceptions of ICD recipients in relation to ICD and end-oflife issues. 11, 17, 19 Previous research suggests that a lack of patient knowledge and understanding about the role and function of ICDs may increase reluctance to engage in discussion about ICD deactivation at end of life. 2, 8, 16 Therefore, the aims of this study were to: (1) describe patient knowledge regarding their ICD, (2) identify patient characteristics associated with insufficient ICD knowledge and (3) examine associations between ICD knowledge and willingness to discuss issues relating to ICD deactivation.
Materials and methods
This cross-sectional study involved a structured survey given to ICD recipients from Australia and the United States. The study received ethical approval from hospital and University review boards in Australia (215/15; 42-2015; 2015-165R) and the United States (13-0993; 13.0666). Data were collected between July 2015 and July 2016.
Participants
Participants were recruited from cardiology and ICD clinics attached to tertiary hospitals in Melbourne and Kentucky. 
Procedures
Potential participants were identified by a research nurse working in conjunction with nurses at hospital ICD clinics. The researcher approached participants while waiting for their cardiology appointment whereupon the study's purpose, eligibility criteria, ethics approval and consent process were explained. Participants were screened for eligibility and any questions were answered before written consent was obtained. Participants were given a hard copy of the survey to take home to complete at their leisure and return by post in a reply-paid envelope with an alternative option to complete the survey online or in the clinic. The majority of participants (>90%) opted to take the survey home to complete and return by post. Although participants were given this cooling off period, the response rate was 82% in Australia and 94% in the United States.
Measures
The full survey consisted of sociodemographic questions, the EOL-ICDQ, and the MoCA. Sociodemographic questions included age, gender, ethnicity, household status, level of education and clinical variables (e.g. self-reported general health, heart disease and co-morbidities, year of first ICD and experience of ICD shocks). The MoCA was administered by the research nurse working under the supervision of a psychologist and used to screen participants for eligibility (MoCA score <20 excluded) at the hospital clinic before the participant was given the survey to self-complete at a time which suited them. The MoCA assesses cognitive function in six domains including memory (recall and working), visuospatial, executive function, attention/ concentration, language and orientation. MoCA scores can range from 0 to 30, with higher scores reflecting better cognitive performance. 20 In this study, mild cognitive impairment (MCI) was defined as MoCA score <24 as this has been shown to have high specificity (83% for multiple domain MCI) and improved sensitivity (52%) compared to a cut-off score <26 in people with cardiovascular disease. 21 The EOL-ICDQ is a 39-item instrument that was developed in Europe and measures participants' knowledge, experiences and attitudes about their ICD, including attitudes about deactivation of the ICD at end of life and desire to have discussions about end-of-life issues. Validity (as assessed by experts and patients in the research group and participants in the pilot study) and test-retest reliability (in which most items showed moderate to good reproducibility with kappa >0.4) of the Swedish version of the EOL-ICDQ were found to be sufficient. 19 A translation/back translation from Swedish to English was performed and an English version of the EOL-ICDQ was found to have sound face and content validity. 19 This is the first study to utilise the English language version of the EOL-ICDQ in an international, Englishspeaking sample of ICD recipients. Therefore, we tested scale reliability and found that overall Cronbach's alpha across all 39 items was 0.65.
In this study, we used the ICD knowledge and attitudes to discussions components of the EOL-ICDQ. The knowledge component consists of 11 'True'/'False'/'Don't know' items which cover practical, functional and ethical domains of knowledge relating to ICD deactivation and end-of-life issues. Consistent with previous research, 17 the 11 EOL-ICDQ knowledge variables were recoded as either correct (1) or incorrect/don't know/not answered (0). ICD knowledge scores were calculated for each participant and ranged from 0 to 11, where higher scores denote higher levels of knowledge. Attitudes about when healthcare providers should raise questions relating to ICD deactivation were captured in 10 'Agree'/'Don't agree' items.
Data analyses
Data were analysed using SPSS V22. Data distribution characteristics were assessed for all variables; ICD knowledge score was slightly negatively skewed (−0.466) and leptokurtic (−0.697). Thus, to conduct the comparisons designated in the specific aims, the ICD knowledge score was categorised as either sufficient or insufficient. Consistent with past research, 17 the lowest 25th percentile score was used as the cut-off indicating insufficient knowledge. Key variables, including ICD knowledge scores, were compared between the United States and Australia and found to be similar; therefore, samples from the two countries were combined in further analyses. Regardless of healthcare infrastructure or economic basis for healthcare, the issues relevant to decision-making regarding end-of-life care for ICD patients are related to patient self-determination. In addition, universally, guidelines for ICD patients are the same regarding discussions by healthcare providers. Sociodemographic and clinical characteristics of the insufficient and sufficient knowledge groups were compared using chi-square tests or independent sample T-tests as appropriate. A partial correlation coefficient was calculated for ICD knowledge and MoCA scores controlling for age. Attitudes to ICD deactivation discussions were compared for the insufficient and sufficient knowledge groups using chi-square tests. All hypothesis tests were two-sided and p-values of less than 0.05 were considered statistically significant.
Results

Participant characteristics
In total, 270 participants (mean age, 61 ± 14 years; 73% male) were included in the analyses. Mean time since ICD insertion was 7 ± 4 years and 97 participants (36%) had experienced one or more ICD shocks. Demographic and clinical characteristics of all participants are described (Table 1) .
Patient knowledge regarding their ICD
Of the 270 participants, only 7 (3%) provided the correct answer for all 11 statements. Median number of correct responses was 7 (interquartile range, [4] [5] [6] [7] [8] , and this was similar between the United States and Australia at a total level and also when statements were grouped into practical, ethical and functional knowledge domains. Item statistics for all ICD knowledge statements are provided ( Table 2 ). The three items that participants were most likely to answer correctly were 'when an ICD's shocks are turned off the heart stops beating' (which is False), 'when the ICDs shocks have been turned off, they can't be turned on again' (False) and 'in order to turn off the ICD's shocks reprogramming can be performed by an external programmer' (True) ( Table 2 ). The three items participants were least likely to answer correctly were 'an ICD always delivers shocks in connection with end of life' (False), 'when the ICD's shocks are turned off, the pacemaker function in the ICD is also deactivated' (False) and 'when an ICDs battery voltage is beginning to wear, even the ICDs functioning worsens' (False) ( Table 2) .
Patient characteristics associated with insufficient ICD knowledge
Using the 25th percentile as a cut-off point, which equated to ⩽4 out of 11 correct responses, 77 (29%) participants were classified as having insufficient ICD knowledge. Compared to those with sufficient knowledge, insufficient ICD knowledge was associated with older age (mean: 66 vs 60 years, t = 3.399, p = 0.001), being non-Caucasian and not having experienced ICD shock therapy (Table 1) . Insufficient ICD knowledge was also associated with MCI as measured by MoCA score <24 (Table 1) . A significant correlation between ICD knowledge and MoCA scores persisted after controlling for age (partial r = 0.232, p < 0.001).
Associations between ICD knowledge and willingness to discuss ICD deactivation issues
Insufficient ICD knowledge was associated with greater unwillingness to discuss issues relating to ICD deactivation with clinicians. This was demonstrated by a significantly higher percentage of those with insufficient ICD knowledge agreeing that they 'do not wish to have such a conversation' and a significantly lower percentage agreeing that healthcare providers should raise the question of what is involved in ICD deactivation 'towards end of life, during the last days' ( Table 3) .
The majority (93%) of participants, including those with insufficient ICD knowledge, agreed with one or more of the suggested circumstances in which healthcare professionals might raise the issue of ICD deactivation. Three quarters (72%) of participants agreed that deactivation issues should be raised in connection with ICD implantation, while the greatest number (82%) said they would raise the question themselves if they felt the need to (Table  3) . Other potential teachable moments at which the majority of participants endorsed the idea of healthcare professionals initiating discussions about ICD deactivation at end of life were in the last days towards end of life, if the heart disease deteriorates, if they are repeatedly hospitalised, have one or multiple shocks or are suffering from a disease with a poor prognosis (Table 3) . Furthermore, over half (55%) agreed that ICD deactivation should be discussed routinely at ICD clinic appointments.
Discussion
The key findings of this study were that ICD recipients often lacked knowledge about the functioning of their ICD and issues relating to device deactivation at end of life. People with insufficient ICD knowledge were less likely to be Caucasian or to have received ICD shocks and were significantly older. A novel finding of this study was that insufficient knowledge was associated with an indication of MCI with the correlation between ICD knowledge and cognition as measured by MoCA score persisting after accounting for age. Insufficient ICD knowledge was associated with attitudes suggesting unwillingness to discuss ICD deactivation, even at end of life in the last days.
Overall, the study's findings relating to patients' frequent poor understanding and lack of knowledge in relation to ICD are in line with the findings of other research in this area. 3, 10, 12, 17 Improved communication and patient education to address the issue of insufficient understanding of the practical, functional and ethical issues relating to ICD deactivation at end of life appear to be required. 3, 12 The question of who should provide such education remains of interest. It has been noted that patients prefer their physicians to inform them about options for device deactivation, with little mention of nurses performing this role. 12, 22 However, nurses with advanced care skills (e.g. electrophysiology, heart failure, palliative care) may be well placed to have open communication and discussion with patients about their end-of-life preferences, including ICD deactivation. 23 Since many ICDs remain active during patients' last days, 1,2 an interdisciplinary approach is required in which all healthcare professionals involved in end-of-life care provision need to be well informed about ICD deactivation issues and able to discuss these with patients and their families. 24 Our findings in relation to ICD knowledge scores are similar to those in the Swedish cohort. 17 The 25th percentile cut-off in our study was ⩽4 compared to ⩽5 out of 11 in Sweden. This may indicate slightly better ICD knowledge among Swedish participants, particularly since average age was 5 years younger in our sample. There may be other cultural differences in terms of knowledge and attitudes relating to ICD deactivation. In our study, there was an association between racial background and ICD knowledge, with Caucasian participants more likely to have sufficient knowledge. This may be related to differences in health literacy or cultural differences in attitudes towards end of life.
Consistent with other research, 17, 25 participants who had received one or more ICD shocks were more likely to have sufficient ICD knowledge. This may be due to patients' interpretation of a shock as signifying poor health and worsening prognosis, 26 or the experience of ICD shock resulting in the need for more information, thereby creating a teachable moment at which patients are more receptive and see such knowledge as more relevant to them.
Some studies have reported experiences of ICD shocks being associated with more favourable attitudes towards deactivation while others found many ICD recipients would choose to keep their device active even if experiencing frequent shocks. 12 While experience of ICD shock may create a teachable moment when patients and family members are more open to receiving information about the functioning of the ICD and the circumstances under which device deactivation might be considered in relation to end of life, some patients do not receive ICD shocks at all. Therefore, discussion of ICD deactivation issues should be considered in a range of circumstances, not only when patients experience ICD shock therapy.
Our finding of an association between insufficient ICD knowledge and older age is consistent with results from Sweden. 17 However, we further found an association between insufficient ICD knowledge and MCI. Interestingly, although older age is a known risk factor for MCI, 27 the correlation between cognition and ICD knowledge persisted after controlling for age. ICD implantation has been associated with neuropsychological impairments in some patients up to 12 months after surgery. 28 In qualitative research, patients have expressed the need for ICD deactivation discussions to occur before they experience serious cognitive decline. 24 Nevertheless, it is generally accepted that, when possible, the patient's spouse or caregiver should be involved in discussions about issues surrounding deactivation of ICD at end of life. 29, 30 Several studies have indicated that discussions about ICD deactivation rarely occur. [8] [9] [10] [11] Although the predominant response from participants in our study was that they would raise the issue of device deactivation themselves, our findings also demonstrate that there are a number of teachable moments at which ICD recipients are open to receiving information about ICD deactivation and end-oflife issues. 9, 11, 31 Although clinicians may be uneasy raising the topic of ICD deactivation, 15, 16 our study provides further evidence that the majority of patients support provider initiation of such discussions. 12 It has previously been noted that patients generally prefer to have discussions about ICD deactivation and end of life when their health status worsens, rather than during regular appointments. 11 This observation was confirmed by our study, in which just over half of participants agreed that these issues should be raised at regular clinic visits. However, efforts to normalise such discussions and improve ICD knowledge may be 6 . In order to turn off the ICDs shocks, a temporary deactivation can be done via a magnet (P) 124 (46) 146 (54) 7. In connection with the shock, the shock is also transferred to those persons having direct bodily contact (P)
124 (46) 146 (54) 8. When an ICDs battery voltage is beginning to wear, even the ICD's functioning worsens (F) 114 (42) 156 (58) 9. An ICD always delivers shocks in connection with end-of-life (P)
104 (39) 166 (61) 10. In order to turn off the ICDs shocks a reprogramming can be performed by an external programmer (P)
184 (68) 86 (32) 11. When the ICDs shocks are turned off, the pacemaker function in the ICD is also deactivated (F)
108 (40) 163 (60) ICD: implantable cardioverter defibrillator; P: practical domain; E: ethical domain; F: functional domain.
Percentages based on total sample (n = 270). Letters in parenthesis after statement indicate knowledge domain. Correct response 'False' for all except statements 6 and 10. beneficial for patients, providing them with information to guide them in planning, preparing and discussing their wishes regarding end of life with their families. 32 This is in line with the conclusions others have drawn regarding the need for clinicians to talk to patients and their families about ICD functionality and deactivation at appropriate opportunities. 12 It is also consistent with recommendations that patients should have an opportunity to discuss ICDrelated issues, including deactivation, at routine appointments while ensuring that this is not forced on patients who clearly state that they do not wish to talk about it. 7 Despite efforts to discuss ICD deactivation issues earlier in the patient's illness trajectory, clinicians involved in the provision of end-of-life care may still encounter ICD recipients who have limited knowledge about their ICD. In such cases, it is worth noting that ICD deactivation, with the intention to relieve device related burden, is legal following receipt of informed consent from the patient or, if the patient is unable to do so due to incapacity, their next of kin. 9 
Limitations
This study had a number of limitations. As with all observational studies, the cross-sectional survey design does not allow us to draw conclusions about the causal relationship between ICD knowledge and other variables. The sample was limited to ICD recipients from two hospitals in Melbourne, Australia, and two in Kentucky, the United States. Therefore, results may lack generalisability to other settings. There was a risk of selection bias in the sample whereby patients more ready to discuss ICD issues may have been more willing to participate. The English language version of the EOL-ICDQ has not been fully validated, though we did check internal validity of the questionnaire and found it to be satisfactory. The sample size was not large enough to enable us to analyse more than two knowledge groups. Therefore, we chose the 25th percentile to denote insufficient knowledge because there was a precedent for this approach and results could be compared to previous research. During our preliminary analysis, before we had sufficient sample size to use the 25th percentile, we analysed the data using the 50th percentile as the cut-off and found similar results to those published here. Cardiac conditions were based on selfreport data. Medical record checks were performed for 139 participants for whom the positive predictive value of selfreported heart condition was 78% for heart failure, 70% for atrial fibrillation and 48% for myocardial infarction.
Conclusion
ICD recipients, especially those who are older or have MCI, often have limited knowledge relating to ICD deactivation. The study identified a number of potential teachable moments, such as device implantation, routine clinic appointments, hospitalisation, the device delivering shock therapy, deterioration of heart disease or if diagnosed with a terminal illness as well as near end of life, at which most patients consider it appropriate for clinicians to initiate discussions with patients, which should ideally also include family members, about issues relating to ICD deactivation.
